Genetic markers (DNA barcodes) are often used to support and confirm species 21 identification. Barcode sequences can be generated in the field using portable systems based on the 22 Oxford Nanopore Technologies (ONT) MinION platform. However, to achieve a broader application, 23 current proof-of-principle workflows for on-site barcoding analysis must be standardized to ensure 24 reliable and robust performance under suboptimal field conditions without increasing costs. Here we 25 demonstrate the implementation of a new on-site workflow for DNA extraction, PCR-based 26 barcoding and the generation of consensus sequences. The portable laboratory features inexpensive 27 instruments that can be carried as hand luggage and uses standard molecular biology protocols and 28 reagents that tolerate adverse environmental conditions. Barcodes are sequenced using MinION 29 technology and analyzed with ONTrack, an original de novo assembly pipeline that requires as few 30 as 500 reads per sample. ONTrack-derived consensus barcodes have high accuracy, ranging from 31 99,8% to 100%, despite the presence of homopolymer runs. The ONTrack pipeline has a user-friendly 32 interface and returns consensus sequences in minutes. The remarkable accuracy and low 33 computational demand of the ONTrack pipeline, together with the inexpensive equipment and 34 simple protocols, make the proposed workflow particularly suitable for tracking species under field 35 conditions. 36 Keywords: nanopore sequencing; long reads; field ecology; barcoding; portable lab; biodiversity 37 38 1. Introduction
in the proposed pipeline relied on quality scores (Q-scores) that are often recalibrated after basecaller 102 updates, making the results strongly dependent on the sequencing chemistry and the basecaller 103 version.
104
To fully exploit the potential of barcoding in the field, the proof-of-principle workflows reported 105 thus far must be translated into standardized systems allowing on-site sequencing by professional 106 users. Our involvement in conservation projects has motivated us not only to continuously improve 107 the analytical precision of the pipeline in order to track biodiversity at the species level more 108 accurately, but also to identify simple, rapid and inexpensive protocols. Here we demonstrate the 109 results achieved using an updated barcoding workflow that features improvements both to the 110 molecular biology field laboratory components and the subsequent data analysis. The portable genomics laboratory included the following equipment: three micropipettes (P1000, 114 P200 and P20, Eppendorf), a mini-microcentrifuge (Labnet Prism Mini Centrifuge, Labnet), a thermal 115 cycler (MiniOne PCR System, MiniOne), an electrophoresis system (MiniOne Electrophoresis System, 116 MiniOne), a fluorometer (Qubit 2.0, Thermo Fisher Scientific), the nanopore sequencer (MinION, ONT) 117 and an ASUS laptop (i7 processor, 16 GB RAM, 500 GB SSD) (Figure 1) . The equipment was wrapped 118 in air-bubble packaging, transported in a single Peli case (55×45×20 cm) (Figure 1) and checked as 119 standard hold baggage in domestic and international flights (except the laptop, which was carried in 120 the cabin). Standard molecular biology reagents were selected and used as described below. Reagents 121 that required storage at 4 °C or -20 °C were transported in a foam box containing ice packs, and MinION 122 flow cells were stored in a thermal bag in the same box. PCR primers were transported lyophilized and 123 subsequently resuspended in 10 mM Tris-HCl (pH 8.0) supplemented with 1 mM EDTA and kept at 124 room temperature.
126

Sample collection, DNA extraction and barcode amplification
127
Sample collection, tissue dissection, total DNA extraction, barcode amplification, MinION library 128 preparation and sequencing were conducted in the field at the Ulu Temburong National Park (Brunei,
129
Borneo) in October 2018, during a Taxon Expedition (https://taxonexpeditions.com/). We analyzed 130 seven samples: two snails (Snail1 and Jap1) and five beetles (H36, H37, H42, H43 and Colen1). Two of 131 them (H42, H43) were collected in an emergence trap [10] in which the specimens were exposed to a 132 preserving agent consisting of ethanol (~65%) glycerol (~30%), water (~5%) and a little amount of dish-133 washing detergent for several days.
134
Total genomic DNA was isolated using the DNeasy Blood and Tissue Kit (Qiagen) from a 1×1 mm 135 biopsy of snail tissue or from the whole beetle after cutting the thorax and abdomen. Samples were 136 incubated in ATL lysis buffer for 2 h at 56 °C and overnight at room temperature before DNA was 
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Sequencing was carried out for 7 h in the field using MinKNOW v1.6.11 (ONT) on a portable laptop. devices that can be fitted in one standard luggage item with dimensions of 55×45×20 cm (Figure 1) . 
234
The MinION flow cell showed 995 active pores during the pre-run quality control (starting from 1005 235 on delivery by the manufacturer) and produced 600,000 reads in 3.5 h. Raw fast5 reads were 236 basecalled, demultiplexed and trimmed offline, resulting in 9,000-77,000 reads per sample ( Table 1) .
237
When we returned to Europe, the same genomic fragments were amplified and sequenced from the The MinION reads were processed using ONTrack, a barcoding pipeline that we developed 242 using several samples collected over the last few years (Figure 2) . The first step of the pipeline 243 involved clustering the reads to remove non-specific PCR products and nuclear mitochondrial DNA 244 segments (NUMTs), which can cause barcoding issues particularly when processing insect samples 245 [18, 19] . We then randomly sampled 200 of the filtered reads and aligned them to produce a draft 246 consensus sequence. Starting from the draft consensus sequence, a polishing step was performed 247 using another set of 200 randomly sampled reads.
248
Despite the errors characterizing MinION reads (Table 1) , the barcodes reconstructed using the
249
ONTrack pipeline had an average accuracy of 99.94% compared to the Sanger reference sequence. No 250 consistent differences were observed between the two distinct types of COI amplicons we analyzed 251 or the type of starting samples ( Table 2) .
252
The generated consensus sequences were finally used as BLAST queries against the NCBI nt 253 database, and the top hits for each sample were saved to a text file for operator analysis. Because the 254 database was downloaded locally, the whole pipeline from sequencing to the generation of consensus 255 sequences and the identification of BLAST top-hits could be completed without an internet 256 connection, which was in any case unavailable in the field on our expedition.
257
We found that, when running the ONTrack pipeline three times for the same sample, the results 258 differed slightly each time with an average accuracy ranging from 99.91% to 99.95%, depending on 259 the read group subsampled in each analysis ( Table 3) . The pipeline was therefore run iteratively by 260 aligning the consensus sequences generated during each round and extracting the ultimate consensus 
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We have described the implementation of a new workflow for barcoding in the field, from DNA 313 extraction to the generation of consensus sequences. The selected protocols allowed the extraction of 314 DNA from tiny snail-tissue biopsies and from whole beetles after cutting the abdomen to release soft 315 tissues, as required to preserve the integrity of the specimens for detailed morphological evaluation.
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